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INTRODUCTION
The thermionic vacuum tube is without doubt the
most important device in radio to-day. Although its
development in the last few years has been tremendous and
its uses made much more extensive, still its fundamental
principles remain the same.
In this thesis, I have devoted some space to
the construction and operation of thermionic vacuum tubes,
but the main part of it has been given over to a discussion
of the operation, and of what I consider the more impor-
tant characteristics, of the various forms of triodes,
tetrodes, and pentodes. Furthermore, I have attempted to
bring it up-to-date by the insertion of as much new material
as could be found, including a section on the latest
addition to the thermionic tube - the metal tube.

THSRIiaONIC VALVES IN RADIO
CHAPTER I
Historical Sketch
As early as 1873, discovery was made on the
effect of the emission from a hot body. Guthrie, in that year,
experimented with an electroscope, charged with electricity,
and a metal ball. He noted that the electroscope charged
either positively or negatively became discharged when the
metal ball at white heat was brought close to it. Viihen the
ball was a dull red, however, only the negatively charged
electroscope was discharged. This proves that both positively
and negatively charged particles are emitted by a white hot
body while only positive particles are emitted by a dull hody
.
About ten years later, Thomas A. Edison, v/hile
working on incandescent lam.ps, discovered what was probably the
beginning of the thermionic tube. The lamp, he noticed, was
developing hot spots in the filament due to a smaller cross-
section at certain points. Carbon particles were being ejectec
at these points and spattered at the walls of the lamp. In
experimenting, Edison sealed a plate in the tube. He discover-
ed that a current flowed when he connected the plate to the
positive side of the filament, but no current flowed when he
connected it to the negative side. This action was named the

"Edison Effect".
Freece in England, in 1884, experimented v/ith
measurements of the Edison Effect. He found that it made no
difference what material was used for the plate. However, the
distance between the plate and the filament as well as the
temperature of the filam.ent and the potential applied to the
plate had a great effect on the current flow.
Hittorf, in the same year, found that a current
would flow through a vacuum tube if the filament v;ere incandes-
cent. Goldstein also found that by using a hot cathode, a
current would flow through a discharge tube, but when a cold
cathode was used no flow was present.
Experimenting between the years 1889 s-nd 1898 on the
Edison Effect, J. A. Fleming was the first to use a thermionic
valve for rectifying a high-frequency oscillating current by
the rectifying action of the tube. Due to this valuable in-
formation, the two- electrode tube came to be known as the
"Fleming Valve".
In 1899, J.J. Thomson showed that the current between
the plate and the filament in a tube was not charged particles
of matter. He brought to light the fact that the current of
electricity was carried by miinute negative charges called
electrons. In 1901, C.W. Richardson discovered the important
fact that the electron emission from a filament at high temp-
eratures was independent of the gas surrounding the filament.
However, in the early 1900s, A. Wehnelt investigated the emis-

3 .
Sion ofelectrons from metal filaments coated with oxides such
as barium, calcium, and strontium. He found that the emission
from such filaments or cathodes was much greater than from
plain v/ire. He also discovered for himself the rectifying
action of a hot- cathode tube.
It was not until 1907 that any radical change was
made in the vacuum tube. At that time, Lee de I'orest inserted
a grid in the form of a mesh situated between the filament
and the plate. This grid controlled the flow of electrons
from the filament. Owing to this discovery, the vacuum tube
was opened to m.any new commercial uses. Because it can pro-
duce a large change in plate current with only a small change
in grid voltage, it is extremely useful as an amplifier both
for use w'th audio frequencies and radio frequencies. Later,
it was discovered that by feeding back to the grid circuit
some of the power in the plate circuit, the power in the
latter could be increased. This discovery is usually credit- i
ed to de Forest. It is called “regeneration". By increasing
the amount of power fed back to the grid, a point will be
|
reached where self- sustained oscillations are produced. Thus,
j
the tube can be used as a generator of alternating currents
of any frequency. This property of the vacuum tube is made
use of in transmitting stations to produce tne oscillations
in the antenna.
In 1919
,
W. Bchottky introduced a second grid into
the vacuum tube. This, he inserted between the plate and the
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control grid. It is now called the screen-grid and was devel-
oped by N . H . (Villiams and A. W. Hull, Later, the western Electric
Co. developed a receiving tube with a filament which required
only a very small current to operate. When radion receiving
sets were made to operate on alternating current, tubes were
constructed having separate filaments to heat the cathode.
These filaments or heaters were built to operate on low
voltage. Thus the alternations of current were not transferred
to the electron-emitting carhode and therefore could not
effect the operation of the tube.
A discovery of the last few years is the narrow,
notched top on the glass tubes. This type was produced under
R.C.A, patents. It was used as an extra support for the in-
side structure of the tube and prevented humming due to a
vibration of the inner structure. Of course, the latest de-
velopment is the metal tube discovered by General Electric
I
and produced by the R.C.A. Radiotron Corp, This tube is
built inside an electrically welded metal shell. It is un- I
breakable, it provides greater support for the plate, grid,
and filament, and it eliminates the necessity of a shielding
can.
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CHAPTER II
Construction of Thermionic Tubes
The behavior of a thermionic tube is best understood
in terms of its "static characteristics", which point out the
relations between the currents flowing to the collecting elec-
trodes and the potential differences between these electrodes
and the filament. In the case of the diode (two-electrode tub^j)
,
the static characteristic is the relation between the electron
current flowing to the anode and the potential difference be-
tween the filament and the anode. The static characteristics
of the triode are of two types; (1) the relation between the
currents flowing to the two electrodes and the value of the
grid potential when the anode potential is kept fixed, and
(2) the relation between electrode currents and the value of
anode potential when the grid potential is kept fixed. Because)
of the immediate action between the current and the applied
potential, the static characteristics of a tube may be taken
as its behavior. ^
Thermionic Emission ; 0. W. Richardson first investigated the
[
emission of electricity from a hot body. He showed that there
was a definite relation between the current and the temperature
* Of course, this is not strictly true when there is inductance
or capacity in the circuit.
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He developed the formula: 1 — aT^e where 1 is the
current/cm? of heated surface, T the temperature* of the sur-
face, and a and b are constants depending upon the substance.
2 _ b*Later Richardson developed another relationship: i = AT e r
where A and b^ are constants. This latter formula has been
more generally accepted, and S.Dushman ** placed A as a univera
constant with a value of 60.2 amps./cm /degf
,
and bQ varying
according to the material used. This value of bQ (and b in
the first equation) is an expression of the energy used in
forcing the electrons through the surface of the emitter.
However, as might well be seen, it is very difficult to de-
termine either of the constants bQ or A with any accuracy,
and it is found almost impossible that A even approach the
p p
value of 60.2 amp. /cm per degf as given by Dushman. The main
difficulty in determining A and bQ experimentally is found
in getting saturation conditions.
Thermionic Tube Cathodes ; The cathode is a very important
|
part of the thermionic tube. It is the source of supply of
electrons. The energy . necessary to cause the flow of electrons
is supplied by heat. There are two forms by means of which
this heat in the cathode may be produced; (1) by directly
j
heating the wire or filament with electric current, and (2) by
j
heating the cathode indirectly by means of a heater. The
al
* absolute temperature.
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heater is a piece of tungsten wire supplied with current. This
heats a surrounding sleeve which emits the electrons. The
filament of the tube, types of which are shown below in figure
1, is usually a wire stretched between two metal supports.
These supports are connected to the external filament terminals
Figure 1. Figure 2.
Filament type cathode Heater type cathode
and supply the current to the filament Itself. The filament
is divided into three groups; (1) pure, hard-drawn tungsten
wire, (2) thoriated tungsten wire for "dull emitter" valves,
and (3) platinum- Iridium alloy (or more recently silver alloy)
coated with oxides of barium and strontium.
(1) The pure tungsten filaments are usually called bright e-
mltters for the operating temperature is about 2400° K. at
which the wire becomes white hot. A relatively large amount
of filament power is needed for this type.
j
(2) Thoriated tungsten containing about 1 or 2% of thoria
j
(ThOg) was discovered by Langmuir and W. Rogers to have a markedj
I
increase of emission at a given temperature. These filaments i
are prepared by heating the thorium oxide-coated tungsten
filament to 2600° K. This causes a chemical reaction to take
1
place which produces metalic thorium, remaining in solution
in the "^ngsten. The temperature is then lowered to 2000° K.
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and thorium atoms accumulate on the surface of the wire. This
layer of thorium atoms allows electrons to escape with more
ease, or in other words allows the working temperature to be
lower for the same emission. However, the thorium film of
atoms is very quickly oxidized, so it is necessary to exhaust
the tube to a very high degree.
The behavior of thoriated filaments can best be ex-
plained by refering to the processes which occur during opera-
tion. First, thoria is reduced to metalic thorium. Then,
thorium is diffused toward the surface, and finally it is
evaporated from the surface. The temperature of the filament
in operation determines the importance of the above processes.
At temperatures around 2800° K.
,
the three occur with such
rapidity that the surface cannot remain covered and the be-
havior of the filament resembles that of pure tungsten. When
the temperature drops below 2800^ K. , the rate of the three
processes is slowed down slightly and the surface remains
partly covered with thorium. However, when the temperature
is below 2300° K.
,
the rate of evaporation decreases greatly
with respect to the diffusion so that the surface may be com-
pletely covered with thorium. Thus, at this temperature, the
filament emission will be high.
(3) H.D. Arnold * was the first to give an account of chemicallj
coated filaments. These were manufactured by the Western Elec-
I
i
^ Arnold — Physical Review 16, page 70 (1920)
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trie Co. and the American Telephone and Telegraph Co. A
platinum- iridium wire was originally used as a basis of support,
(Now a silver alloy is used. ) Barium carbonate and strontium
carbonate applied alternately seemed to be the best oxides for
coating the wire. These carbonates are mixed with paraffin
and applied many times to the wire. After each application,
the wire is heated to 1000° C. This has the effect of burning
off the paraffin. After this process is over, a coating of
BaO and SrO is left on the surface while underneath there is
a coating of Ba and Sr combined with the platinum (or silver).
The efficiency of this type of filament is much higher than
that of the thoriated tungsten type. The temperature necessary
for operation of the coated filament type is near 600° C. as
compared with 2100° C. for tungsten. The oxide-coated filament
gives a larger thermionic current than a plain tungsten wire.
The oxide coating does not emit the electrons but makes their
escape from the wire much easier.
Tubes containing the filament type of cathode are
i
best suited for operation from a steady source like a battery.
They are not very satisfactory operating from an alternating
current source because of the variation in electron emission
and therefore variation in potential in the space-charge region
resulting at each alternation of the current. This produces
a hum in the loudspeaker. This hum, of course, can be reduced
to a minimum by the use of especially large filaments which
minimize the temperature fluctuations, or by the use of
filaments having excess electron emission.
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The heater or indirectly heated cathode, as” '
|
shown in figure 2 on page 7, consists of a metal shell or
sleeve, coated usually very similar to the chemically-coated
filaments, with a tungsten wire Inside separated from the
sleeve. This wire is used to heat the sleeve. This type of
cathode is excellent for use on an alternating current source
i
for the heater is electrically Insulated from the emitting
shell, and, therefore, any fluctuations in the heater will not
affect the shell. This prevents any hum from arising. However
j
the heater must be shielded from the grid and plate in order
to prevent emission from that source. ^ilso, the heater is
usually given a positive potential with respect to the cathode
in order to prevent emission taking place from the heater to
the cathode.
Collecting Electrodes : The anode may be either two plates,
one on each side of the filament, or it may consist of a thin
^
cylindrical shell with the filament as the axis. The grid is
i
a v/ire mesh situated between the filament and anode, depending
mainly for its shppe upon the shape of the anode.
The best metals for use as anodes are those
which can readily give up their gas content. Nickel, tungsten,
I
i
and tantalum are mostly used. Owing to the higher melting
points, tungsten and tantalum are more often used in high-
f
power tubes. \
i
j
The energy of the electrons is transferred to ji
heat energy when they strike the plate. Thus, if the voltage
of_the plate is high, the plate temperature may be raised -^o

Incandescence by the bombardment of electrons. This heat is
reduced by radiation alone. Thus the capacity of a tube de-
I
pends on the rate at which radiation takes place. In order
I
to increase this rate, some plates are blackened on the sur-
I
face by carbonizing and oxidizing.
?.^ethod of Obtaining High Vacuum ; Thermionic emission op-
erates better at high vacuum. The tube itself can be mostly
I
1
evacuated, but the metal parts will emit gas and fill up the
tube again. To avoid this, the metal is heated to about 1000°
C. in an electric furnace with a stream of hydrogen around it.
It is then allowed to cool and is asseipbled in the glass tube.
The metal parts are again heated in the glass by high frequency
induction, while the tube is being exhausted. It usually takes
three operations to completely exhaust the tube. The first
I
operation is done by a heavy duty pump which reduces the pres-
i sure to about one centimeter. The pressure is then reduced
I to a few microns by a rotary oil pump. The final step reduces
I “
j
the pressure to 10 micron by means of a mercury-vapor
I diffusion pump.
The "getter" process is a means of further evac-
uating the tube. It refers to vaporizing a substance inside
the tube and allowing it to condense on the lower glass walls. .
I
By this means, a large surface is formed which adsorbs the re-
'
I
sidual gas. Magnesium, barium, aluminum, and red phosphorus
have all been tried, but magnesium is now used in all the
modern tubes. About two millimeters of magnesium ribbon is
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1placed In a small cup fastened on the structure support of the
tube. (In low-power tubes, the getter is welded to the anode
and fired by heating the anode. ) The firing in high-powered
tubes is done by heat generated in the tube apart from plate
heating. Care must by taken in allowing the magnesium to I
deposit itself on the walls of the tube. It can be controlled
by varying the temperature on the walls of the tube. It should
condense on the lower walls. If it extends higher, it will
j
reflect the heat generated in the tube itself and cause it to
operate at too high a temperature.
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CHAPTER III
Operation of Thermionic Tubes
The Electron Flow ; As each electron is emitted from the
filament, the latter acquires a positive charge equal in a-
mount to the charge of the electron it lost. If no voltage
is applied to the anode, the electrons will be attracted back
to the filament by this positive charge. Thus the voltage on
the anode must be large enough to overcome this force of
attraction exerted by the filament. This applies to a tube
having a high vacuum.
Ionization : If the tube has a trace of gas in it, there
will be a larger current flow for the same voltage applied to
the anode. In the gas, there are present some free electrons
and electrons which are integral parts of the gas atoms. The
free electrons moving with a large velocity strike the atoms
and shake loose electrons from them. Owing to the voltage
of the anode, the freed electrons are attracted, while the
“ion" (the rest of the atom, charged positively) will move
toward the cathode. Because both parts carry a charge, the
anode current is increased. The effect is called ionization,
and it accounts for the high anode current in poorly evacuated
tubes. Apparently this increase of plate current is an ad-
vantage, but it creates disadvantages which offset the advant-
ages. One difficulty is that the fllanient will not last.
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Owing to the fact that the Ions are larger than the electrons,
they actually rip off sections of the filament when they striki
This greatly reduces the life of the filament and hence of the
tube. Another difficulty with gas-filled tubes appears when
too large a voltage is applied. This produces a blue-glow
discharge, causes the tube to become erratic in its behavior,
and to lose much of its sensitivity. Also, the discharge heatji
the electrodes and may damage them.
I
Characteristics ; If the filament temperature is constant, a
certain number of electrons will be emitted. If the plate
voltage is increased, a point will be reached where all the
electrons leaving the filament will arrive at the plate. This
point is called the saturation point, for, if the voltage is
increased further, t'.ere will be no increase in current. Now,
if the filam.ent temperature is increased to a higher value
and kept constant with the same applied voltage, the plate
voltage-plate current curve will rise higher. Thus the number
of electrons emitted Increases with the temperature. There
will be a new saturation current, however, when the limiting
value is reached.
/
Plate
Current
Plate Voltage
_Figure 3. Plate current-plate voltage characterii^tlcs
• TV
: anoi >jiiJ :je! 3 '<3 '.fr?v3
|
iU*'£:Je v.eiiJ na/fw Jnr. _ -IL'i on'J ..c e.^o/.;oe^ i ic ql i vIiBuCor,
eonsii f).aB Ji-orBlil siiJ 'lo sifJ -yi* vX^r.'^Tg .!'^.T
(iob't’ 3‘rQ£*\^qs r-'=ici/J rfjir '.Jit. -'i';'!/. f; ^[eiiTonA .&c..o
'.vCi3 -?irXd B nocBf.^o'icj : iflT .f5&Xii>;U ei O''‘:2vlov a v' ch^«^‘
j'iOivi.. L : 0,1 l>XJ-b^"C 3 f, 4. C‘r>d o- ©iil eoe:.
-
l- ,Qv xjv;caXX>
g
• I • fi
; siul ,C8i --. . i^iR.isfc * 'i *. . oL«m t^eol oj bna
.ijadJ” ^ fioLo't^oal
a « JT. - vi M, :o 0 el ett; J crseq 2:e ^ 3av ,ra X i 1 ?ff .? "Yl : o 2 j e t*r6 Jo.. i.3fO
O
<-T-
oJrXq ex-.r 1' ocf fX ’ aftO'iJ-ale lo ’la'fsiBrt ..iL i-ao
'ixL* fXfl ©TEod?/ i>vWiar a'x eo' II fw J'ilo j s , ^seBr'iot'rX ei r-*-.,3.\'nv
* #
c:/ . .?vt«lG ervT f.' vi'i'iB X Ilv .trrxirjB.rx 1 rGo xl*- ?I _’
i vV3J.*ov ©rf^t ,Xfiioq 'oi Ja'xijlBG odj' Da.'j'.iu '- i jP.t-''
cWO.j .i:;a v£jo ;'i seaa'ioiri on ?>Ci ^ 11 :' ens: *t ; -^ais : 'tlggi
^}jLb\ -teci^ld -
b
ol besBoiooi ©'fL-taneq-Kel loeiT.Bl 'i e-T* x;
9.: Big v-dJ ,9*.£’.Xlov i>9JXgqa diraa •?;! fici'iv: IxTBlen r Ids
'i.i-draun jfil Hl^'flT ,•! Sg ‘l Hi?.' ‘»V‘'iUD oi'£9T'T0O 9«?aXg-9^/5xTXoV
S'xatfl .© '; xfiia rr^ej er," ;M./vy cofeBetofTi 5«»j^ll/n9 p i; £lo9l^> "lo
‘ I tv,.; I -: ';i
.
^wVe.voii ,Ji‘iT r’iuo noIxTB'iifx* o', .-tso b 9<X Ilffr >
sX 9uIbv
TV
'.n
f* 'r"
e 0 X .T» X 0B'X3d
\\
N 7jyS^.
Qk^lXoV rtf'll
j Icy ’ G I i - .' *1 i ! ; -. e%i
./n9 iG‘ ''
C
£
* m' ^
With the voltage of the plate kept constant
while the filament temperature is raised, the electron flow
will increase with rise in temperature. However, there is an
electric field intensity due to the electrons in the space
between the filament and the plate. This intheisity may neutral-
ize the force due to the positive potential of the plate.
Thus, the electrons near the filament receive no force from
the plate. This is called the "space charge effect". The
neutralizing effect is not caused by the same electrons, as
some electrons are constantly entering the plate and new ones
from the filament take their place in the space between the
filament and the plate. Any further increase in the temperatuij^
of the filament will not increase the current. This is due to
the fact that the space charge Increases as fast as the in-
crease of emitted electrons. Now, if the plate voltage id
increased, the plate current curve will rise higher before
reaching its saturation point, because a greater space charge
is needed to offset the influence of plate voltage.
Plate
Current
I
figure 4. Plate current-filament temperature curves.
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Magnetic Effect ; A magnetic field Is produced around the
filament when current Is allowed to flow In It. This tends
to deflect the electrons mutually perpendicular to their motloi;.
and to the field. Because the velocity of the electron Is
small near the filament, the force of deflection Is small com-!
pared with the attraction of the plate, even though the mag- '
netlc field Is large.
The Cooling Effect of the Ends of the Filament ; Owing to I
the conduction along the supporting wires, the filament does
not remain at a constant temperature over Its total length.
This variation causes the emission to fall off at the ends
because of the lower temperature. Phis Is not as noticeable
on a long filament as on a short one. It reduces the efficien-
cy of the latter considerably.
Voltage Drop In the Filament ; If the filament serves as both
heater and emitter, there will be a voltage drop over Its
length. Thus, there will be less potential difference be-
tween the positive end of the filament and the plate than there
Is between the negative end and the plate. Then, when the
space charge limits the emission, more emission will take plac<i
from the negative end than from the positive end. This pro-
duces an unequal distribution of emitted electrons. PuEther-
more, the effect of this unequal distribution Is to round the
knee of the curves shown In figure 4 on page 15.
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The Effect of Space Current on filament Current ; The space
current entering the filament increases the actual filament
current by adding to the heating current. This space current
is added at different spots along the filament causing the
temperature to vary along the filament, which naturally
changes the emission and the resistance of the filament. When
the space current is large compared with the filament current,
,
there is a danger that the filament may be excessively heated
in places and burn out. To avoid this, the external resistance
in the filament circuit should be connected between the plate
connection to the filament circuit and the negative end of
the filament.
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CHAPTER IV
The Triode
The triode, or three-electrode tube, as the name
implies, is supplied with a third electrode in addition to the'
plate and the filament. This electrode is placed between the
other two and is in the form of a grid of fine wires or a
metallic gauze. It is called a "grid" because of its appear-
|
ance. Owing to its construction, there is practically an un-
j
obstructed path for the electron from the filament (or cathodej
to the plate. It is diagramatically shown in figure 5.
Figure 5.
A Typical
Triode
Plate Current ; If the grid of a tube is made negative with
respect to the filament, the current to the plate will show a
decrease, while if the grid is given a positive potential, the
current to the plate will show an Increase. This is due to th<(
fact that the grid is nearer the filament, and thus a small
change in grid voltage will have the same effect on the plate
current as a large change in the plate voltage. Thus, the
grid, serving only as a controlling valve, requires a very
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small amount of power. Also, when a voltage is impressed on
the grid, as shown in figure 6, it tends to modify the space
If the grid is given a negative charge with
respect to the filament, the space electrons will be forced
back toward the filament. However, many will still pass
through and reach the plate, because of the latter's positive
charge and also the high velocity of the electrons. As the
grid potential is made more and more negative, the plate
current is reduced until it reaches zero (called the cut-off
value )
.
Now, if the grid is given a positive charge, the
electrons will be attracted both by the plate and by the grid.
This will Increase the flow and hence the plate current. It
must be remembered, however, that a limit will finally be
reached when the space charge becomes great enough to counter-
act the effect of the positive charges on the grid and the
plate. As the saturation point is approached, more and more
electrons will be absorbed by the grid. This will give rise
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to a grid current of noticeable size which will aid in reach-
ing the limiting point.
Thus, we find that the plate current is dependent
on the voltage of the plate and also that of the grid. The
Eq. 1.
plate current equation may be written
Ip = A (Ep .
where ^ is a variable quantity, Eg refers to grid potential,
Ep to the plate potential, and A is a constant. The exponent
2 is approximate.
The diagrams known as characteristic curves are
found experimentally by varying either Ep (plate potential) or
Eg (grid potential) while keeping the other constant. Natural][
the filament-heating current must be constant during the test.
By using several different values of the fixed voltage, a set
7,8,91
of curves can be obtained. These are shown below in figs.
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From figures 7 and 9, it may be seen that the
triode acts like a variable resistance, with higher grid volt-
ages denoting smaller resistance. In connection with these
figures, it will be seen that a section of the plate-current
curve is flat. Figure 8 shows the grid characteristics. They
are plotted on a much larger scale than the others because of
the smallness of these values compared with those of the plate,
An outstanding feature is that an increased grid potential
gives increased plate current, but increased plate potential
decreases the grid current.
Amplification Factor : A change of grid potential of about
one unit causes the same change in plate current that a change
of plate potential of about five units would produce. Thus,
there is a certain amplification in a triode. The amplif Icatici
coefficient expresses the relative effects of plate potential
and grid potential in influencing the plate current. It is
interesting to note, however, that the amplification depends
on the distance between grid and plate only and is not con-
cerned with cathode- to-grld distance.
From equation 1 on page 20, it can be shown
that if the plate voltage is increased by Z^Ep and the grid
voltage decreased by Z\E so that the plate current will re-
main constant, then
A Ep = ^ ^ ^ *
It is found that ji varies slightly because the grid never
entirely surrounds the filament, and because the filament may
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be at different potentlals^along its length. However, the
amplification coefficient is nearly constant within its work-
ing range as shown in figure 10 below.
When the tube is operat
Values ed at a negative grid bias,
of jx the input power which produc
the changes in grid voltage
may be small compared with
the output power from the
plate circuit. Thus the
power amplification factor is known as the ratio of the input
grid power to the output power of the plate. This ratio may
be extremely high, but not infinitely so, for it is limited by
the grid current. Moreover, the latter exists even at high
negative grid voltages.
Variable Amplification Factor ; It is desirable in certain
cases to control the amplification by means of the grid bias
on one of the r-f tubes. It is usually controlled by having
a decreasing^ with Increasing negative bias. In this way, the
(,0
S.'r
J-.4
y.f-
S.L
S-.o
^.9
Grid bias
Figure 10 *
(a) (b)
Figure 11 **
Types of Varlabl
ja tubes.
* from Morecroft - "Electron Tubes and Their Application"
Page 81, Wiley cSc Sons, N.Y. 1933.
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distortion is less and the amplification smoother. Two diagran.
are shown on the preceding page in which this is accomplished.
(Fig. 11) In (a), the circular grid varies in diameter, while
in (b), the spacing between each successive ring varies.
Plate Impedance ; The amount of current in the plate circuit
depends on the plate potential and also on the grid potential.
Thus, the tube is actually a variable resistance. '/Then the
grid potential is high in the positive direction, the plate
resistance becomes lower and the plate current is greater. 1
When the grid has a large bias, the plate circuit resistance
is very high. This resistance is the "Internal Resistance".
In a tube, there is a slight condenser action
formed by the grid and the plate. The reactance of this in
combination with the internal resistance formis the impedance
of the tube. In most tubes, however, except at very high
frequencies, the capacity effect is very sm^all. Therefore,
in most cases it is customary to consider the internal resis-
tance as the plate impedance. In other words, it is the change
in plate potential in volts divided by the change in plate
current in amperes.
3
R =
P
dE^
dl.
Eq. 3.
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Mutual Conductanc e; This is sometimes known as transconduc-
tance. An amplifier is used to produce a large undistorted
change in plate current for a small grid voltage change. The
mutual conductance then is the ratio of the change in plate
current to the corresponding change in grid voltage. It can
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be expressed in terms of both the impedance and the amplific-
ation factor. It is the amplification factor divided by the
plate impedance expressed in “mhos". The "mho" is the "ohm"
spelled backwards, for "conductance" of a material is the
reciprocal of its "resistance".
i
From equation 2 on page 22 we obtain
j
I
I^R = u E or
P P 6
Ip = -idls = Eg (3m) Bq. 4.
Rp
I
where s^ is the mutual conductance. is used, for, as I have;
uj p
stated before, the resistance can be taken as the impedance.
Thus, as can be seen from equation 4, the mutual conductance '
(Sjjj) is more important than jj. for it determines more completely
the amount of current (Ip) change for a given change in grid !
voltage (Eg). It is always desirable to have the mutual
I
conductance as large as possible, for this means that the
internal resistance is small , and, therefore, the |)late current
large.
Figure 12. Type 27 Detector, Amplifier Triode.
Plate voltage 90-250 vo
Grid voltage -6 to -21
Heater Voltage (A.C. or
2.5 volts
Plate Current 2.7-5. 2 mi
amps
.
11 -
Heater Current 1.75 am'
* The expression "mutual conductance" was suggested by
Hazeltine (Proc. I.R.E. , Vol.6, page 63, 1918).
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CHAPTER V
The Tetrode
A tetrode is essentially a triode with an extra
grid inserted. However, the tubes fall into different classes
according to the position of the grids in respect to the other
electrodes. One is called a space-charge grid tetrode, an-
other is called a screen-grid tetrode, while a third type is
really a triode except that it contains two grids.
Space-charge Grid Tetrode ; In this type of tetrode, the
first grid, G]_, (see figure 13) next to the filament is main-
tained at a potential somewhat positive with respect to the
filament. The outer grid, G2 » control grid and func-
being close to the filament aids in neutralizing the effects
of space charge in limiting the plate current. Thus, most of
the emission current from the filament passes through this
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first grid. By considering this space-charge grid as the cathcde,
it will be seen that the other parts of the tube function very
similarly to a triode. However, it must be remembered that if
the space charge is entirely neutralized, the control grid
will not operate. Therefore, this grid cannot neutralize the
effect. The main advantage of this type of tube is that it is
necessary to use only a low plate potential. It also reduces
any fluctuation in the plate current because the space-charge
grid repells any positive ions given off by the filament.
With this type of tube, the amplification factor is greatly
increased, the plate impedance is slightly larger, and the
grid-plate capacity remains the same.
I
The Screen- grid Tetrode ; In this type of tetrode, the inner
|
i
I
grid, G]_, (see figure 14) serves as the control grid, while
the outer one, G2> serves to shield the plate. It is made of
than that of the plate. Its purpose is to prevent the plate
from supplying energy back to the grid because of the capac-
ity between the grid and the plate. It was designed by W.
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Schottky, but N . H . Williams and A. W. Hull developed it. In the
early types, the screen grid completely surrounded the plate,
as shown diagramat Ically in figure 15, and eliminated the ca-
pacity between the plat^Control Grid
6-
-O
and the control grid.
With the newer glass tuli|es
the outer screen is don€
away with as the tube is
Plate surrounded by a shield-
ing can. In the case of the metal
I
tubes, the outer shell serves as '
Figure 15 * a shield and is grounded to the
j
Arrangement of Screen-grid
tetrode.
Characteristics of a Screen-grid Tetrode : 7/ith the control grlfjL
held at the potential of the cathode (Eq = 0) the grid
B
chassis through one terminal.
Figure 16 **
Plate Cursent Curves
of an Ordinary Scree
grid Tetrode.
11-
from horecroft - "Electron Tubes and Their Application"
Page lo5, Wiley He Sons, 1933.
** from Morecroft - "Elec. Tubes A Applic.", Page 106.
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current and plate current transverse a path as shown in figure
16. The sum of the plate current and grid current is nearly
a constant. It will be seen that the plate current increases
and then decreases to a negative value. This is due to the
fact that the electron flow from the cathode is opposed by
secondary emission from the plate. In fact, secondary emis-
sion becomes so great with increase of voltage that it entire-
ly offsets the normal flow and results in a negative plate
current. As the plate potential is further Increased to the
voltage of the screen grid, all the electrons due to second-
ary emission from the plate are drawn back, as well as a
larger portion of electrons attracted by the screen grid from
the cathode. Beyond this point of plate potential, there is
very little increase in plate current for a corresponding
Increase in Ep.
As shown before, the plate-circuit resistance is
/\ •C’
—tP—
.
By taking actual values, it is found that is ex-
A -‘•p ^
tremely high. The high Rp is due to the fact that many of the
electrons leaving the cathode do not reach the plate because
of the presence of the screen grid. Also, the amplification
coefficient is extremely high. In spite of the fact that only
a part of the amplification can be used because of the low
Impedance of the external circuit compared with that of the
tube, nevertheless, the voltage amplification is higher than
that of other tubes.
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CHAPTER VI
The Pentode !
I
j
I
In a pentode, there are many different connections
available but only two are actually used now in radio. The
first of these is known as a pentode with a suppressor grid.
The connections are shown in figure 18. The first grid, Gq_
,
is used as the control grid and has a negative potential. The
next grid. Go, (Screen grid) is connected to give it a posi-
tive potential. The last grid, G^, called the suppressor grid,
' is connected to the cathode. In later tubes, this connection
is made externally in order that the grid can be controlled
j
I
Independently of the filament. The action of this grid is
|
I
to suppress secondary emission from the plate which was the
j
undesirable feature of the triode. In the case of the tetrode,'
IV H-TiAHD
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.81
’X"' « tsTll 9(1T .01 9^/i>gli n/ riVvOi-ig sts anoi JOQnnoo ^
^rlT
.iB^a.isjoc; ovija^sn a eart br.a bns ic-ijnpo 3rti ea JbsB-. bJ
-’SC<J B J-X avXs oj fejasnnoo ;;i noc-ibe) .gC .SXbg Jxsr
.Wip
,.i, ,bins ithl p.il .XBXJnBJoq svib
raicfOBfiaoo ixciJ .bpcTkj aaXaX a3 .obciijas stfj oJ .VXssV-oo al
isXXo'Uttoo sd r.bo tXiB adv- Jartx jo'--;o nX sbsrc aX
Cj. 6tis (iidd lo noXJoa eilT .3 aaraiXX arij 'xo vXJfiebnoqRKTi
BBW rioXflw »jB.rq add mo-n noXE-iXxo l-iaBi:oo8s Bss-yqauB .J
,S0B,1J9X Bc!d Xo SK^o at'.J nl .c&o.x-ij add Xo sWasX a Xds- igg^xiU;
the suppression of the secondary emission causes the absence
of the negative portion of the curves shown in figure 16,p P
on page 28. The disappearance of this negative portion allows
^
lower plate voltages to be used.
i
The second type of pentode has a space-charge
grid. This is very similar to that of the tetrode previously i
described. the first grid, shown in figure 19, is the |
space-charge grid. It has a positive charge and accelerates
the electrons toward the plate. The next grid, Gg, is the
control grid which is maintained at a negative potential. The
third one, G^, is the screen grid. The tube is essentially
a screen-grid and space-charge grid tetrode combined. The
addition of the space-charge grid allows the use of lower
plate voltages than would otherwise be possible.
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CHAPTER VII
i
Metal Tubes
|
i
The G.E. des Igned metal tubes, probably one of
!
i
I
the most radical changes in tube design since the discovery i
of the triode, are now being produced on a large scale by R.C.
A. and many other companies. (See photographs on page 41).
Because of production difficulties, though, many manufacturers
have hesitated about producing them. For that reason, many
other tube types have been presented. These other kinds, how-
ever, seem to have the same new "octal" bases and, although
having a glass shell, are fitted with close-fitting metal
covers. The tendency, though, is to switch to the all-metal
types as soon as the difficulties of production are overcome.
The ability to produce metal tubes is due to the
development of metals having nearly the same coefficient of ex-
pansion as that of the glass used and also due to the ability
to control resistance welding. With this new type of constructi
ion, the leads may be brought out through the metal at the
most convenient point for electrical connections.
The use of the new metal, having the same ex-
pansion coefficient as the glass, is illustrated in the new
concentric type of metal-to-glass seals used. The metal, call-
ed "Fernico", is an alloy of iron, nickel, and cobalt. It is
made up into small eyelets which fit into lead-in holes j
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punched In a steel disc. A wire lead and a glass bead (having
the same coefficient of expansion as the alloy) are then in-
serted inside the eyelet. These eyelets are then electrically
welded to the disc to form the bottom header, and, in the pro-
cess, the glass melts and fuses to the alloy. Because of the
effect of surface tension, the hole is completely filled and
the lead is centered. The Internal structure is then mounted
on these leads similar to that of the glass tube, but supports
are welded to the header giving more strength to the internal
structure. The shell is fastened to the base by spot-welding
It requires the use of hollow electrodes, and thyratron tubes
to control the operation. Owing to the shortness of time re-
quired for such welds, no oxidation occurs on the inner sur-
faces of the shell. The welding makes the shell and the base
into a perfect, vacuum-tight envelope.
The smallness of the size of the new tubes
(see pictures on page 4l) is dependent to a large extent on
the "Metal stem". In the case of the glass tube, a skirt of
tubing between the flare and leading- in wire press is needed
because of the high breakage due to cracks in the glass. This
is entirely eliminated in the metal tube because of the metal-
to-metal weld.
The second reason for the tube^ small size
is due to the ability to fashion metal in shapes more nearly
conforming to the internal structure of the tube. The metal
shell can be made to have only a small clearance (probably a
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few thousandths of an inch). Furthermore, the height may be
as small as possible because it is constructed to have a flat
top. This is impossible in glass owing to weaknesses intro-
duced with flat surfaces.
A further advantage in producing smallness
is the base design. Because of the method used to fasten the
lead-in wires to the base (described above), they may be plac-
ed directly above their respective pins. This permits a sim-
plicity and ruggedness of construction and also allows the base
to be attached very close to the stem.
A fourth factor upon which smallness is de-
pendent is radiation. The area of the shell does not have to
be as large in the case of metal for the cooling efficiency is
greater. The surface is painted a dull black to improve its
radiating ability. The glass tube, on the other hand, has poor
conductivity because of its glass walls and therefore may not
have an even temperature over its entire surface. This un-
evenness may cause the seals to heat above the m.elting point
and destroy the vacuum. With the metal tube, the conductivity
of heat is fairly uniform, thus assuring a more nearly constant
temperature for all parts of the tube.
Merits of the All-Metal Tubes; Probably the first merit of
1
1
1
1
importance is the compactness of these tubes. I have already
discussed how this compactness is possible. Thesei tubes
allow for the elimination of shield cans and tends to reduce
the number of double purpose tubes in use. furthermore, the
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tubes can perforin more efficiently. Owing to the low inductance
of the short leads, high tube sensitivity is possible especially
I
j
at short wave lengths. Also, these short leads and internal
supports at the bottom, together with the firm mount at the top,
: results in a strong, rigid internal structure in which micro-
j
phonic troubles, due to vibration of parts, are eliminated.
' The next important merit is the shielding pro-
* vided by the metal sleeve. An almost perfect shielding is pro-
!
I
duced by the shell Itself. The metal shell is perfectly ground-
ed with no chance of corrosion. This is not true in the case
I
of a shield can used with glass tubes. It prevents a feed-back
I
from the plate to the grid through a path outside the tube
I and thus eliminates the noise arising from this source. An-
I
i other function of the shell is the elimination of the effect
i
I
due to electrons striking the walls of the tube. In certain
glass tubes, graphite had to be used to prevent secondary
i emission from the glass walls. The metal shell, being a ground-
ed conductor, eliminates the necessity of the graphite.
The third feature is the new "octal" base, so-
called because of its 8 pin arrangement. This has resulted in
' a universal socket adaptable to all types of metal tubes.
i
I
Furthermore, it has resulted in a numbering system which asslgni
a number to the eight possible pin connections. Only certain
' of the tubes containing 8 pins use all the pin connections of
the socket. Also, the center of the tube is fitted with a plug
I
and a key, which is slightly longer than the pins. With this
juir^utnL went mfS rt/ ’arti'wo .:!rfol'io^ ned eflKfuif
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arrangement, it is impossible to insert the tube wrongly in thei
i
socket. It also allows the pins to be of the same size.
' Several other noticeable features are the
use of a heater in all tube models, the standardization of the
heater voltage at 6.3 volts on all tubes except the full-wave
rectifier, a higher amplification factor than the glass models,
j
and the ability to use the tubes for either D.C. or A.C. With-
out doubt, this standardization will simplify the design of the
new sets, although the voltage is much greater on many models.
Probably the heat loss warrants a greater power input. Further
although the amplification factor is much higher, the overall
power consumption of the tube is greater. However, the newer
sets seem to be constructed with one less tube than their
corresponding glass tube models, so that the ultimate power
consumption of the set is probably the same or even less.
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CHAPTER VIII
Comprehensive Digest
The history of thermionic vacuum tubes has been
interesting mainly because of its rapid strides in the last
few years. Although many men have worked along these lines,
much of their progress has been in modifying and developing
three important discoveries. These three are; the Edison Effec
really the start of thermionic emission, the Fleming Valve, the
first practical use of two-electrode tubes, and the discovery
of the triode by Lee deforest.
In the construction of a tube, two kinds of
cathodes may be used, the heater type or the filament type.
Also, the filament type is catalogued in three classes; pure
tungsten, thoriated thungsten, and chemically-coated silver
alloy. The heater type is chemically coated for better emlssio]
The anode, called the plate or collecting electrode, is made of
tantalum or tungsten while the grid is merely a wire mesh, closi
ly following the shape of the plate. The high vacuum, which
enables the tube to work more efficiently, is obtained by a
series of operations. The first three operations are performed
by a heavy duty pump, a rotary oil pump, and a mercury dlffusio;
pump, while the last operation is termed "gettering" the tube.
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IThe thermionic tube operates by drawing the
electrons which are emitted from the hot filament to the plate
which has a positive charge. This positive charge on the plate
provides a force of attraction. The characteristics show what
happens to the plate current when either the filament temper-
ature or plate voltage is increased. However, these character-
istic .curves are somewhat ideal. We must take into account
that in actual practice noticeable effects show up such as
ionization, voltage drop in the filament, magnetic effect, etc.
The trlode provides a means of control of the
plate current. There is a grid of fine wires which varies
according to the input frequency. This controls the flow of
electrons to the plate. Naturally, the signal is amplified
tremendously over that Impressed on the grid circuit. By means
of variously shaped grids, variable amplification can be ob-
tained. The static characteristics of the triode show the
variation of plate current and plate voltage with different
values of grid voltage. Also, they show the amount of grid
current. As before, these are mainly ideal curves. Moreover,
in the case of the trlode, there is a certain condenser action
,
I
between the grid and the plate. Thus, the plate impedance !
j
must be considered instead of simply the plate circuit resis- j
I
tance.
The tetrode and pentode types can be thought of
as modifications of the triode. By adding other grids to a
trlode in different positions with respect to the cathode and
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plate, better results for certain work can be obtained. By
means of these tubes, better amplification and power can be
obtained with smaller plate voltages.
The metal tube, the latest development, is
another adaptation of the familiar types. It provides for
greater power output and better working conditions because of
newer developments. Part of it is due to the ease with which
metal can be worked in saving space and in withstanding strains
Furthermore, smallness of construction is emphasized while at
the same time it provides almost perfect shielding without the
use of extra cans. However, with all these improvements, the
metal tube, a truly modern tube in every sense of the word,
still has the same principle of operation.
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